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(5£) Exhaust gas reactor 

(57; An exhaust gas reactor comprises 
at feast firs: and second open-pore . 
ceramic foam plates which are arranged 
in succession in the direction of flow 
tnroucr. the reactor. The plates of 
ceramic foam have a catalytically active 
surface layer thereon. Filter plates of 
ur.coatec ceramic foam may 
additionally be provided upstream and 
downstream of the first-mentioned 
plates. . 
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SPECIFICATION 

Exhaust gas reactor and process for the production 
thereof 

5 .rpv-i- . .. •• .:. 

The.inyention relates to an exhaust gas reactor for 
example for use with an internal combustion engine 
and a process for the production of such a reactor 
Tne term exhaust gas is used in this specification 
10 in a broad sense and may therefore embrace exhaust 
gas from an internal combustion engine as well as 
exhaust or waste gas from other sources, such as a 
paint spraying booth."- 

One, form of an exhaust gas reactor comprises a ' 
1 5 refractory carrier material in the form of a monolithic 
block of open pore ceramic foam, which has thereon 
a catalytically active surface layer. 

Porous ceramic foam is produced by an open-pore 
plastics foam being filled with a slurry of ceramic 
20 material, and then vaporising the plastics foamat 
elevated temperature. The porous ceramic foam . 
produced in that way is also of an open-pore nature 
and is then provided with a catalytic layer which is 
matched to the respective chemical process 
25 involved. Catalysts produced in that way from 
porous ceramic foam are subjected to further 
processing to produce monolithic blocks of 
appropriate size, and used in that form. 
According to the present invention, there is 
30 provided an exhaust gas reactor including a 

refractory carrier means of open-pore ceramic foam 
comprising at least two plates which are disposed in 
succession in the direction of gas flow through the 
reactor, and a catalytically active surface layeron the 
35 carrier means. 

Tests' have been carried out which show that an 
exhaustgas reactor which is constructed from a 
plurality of successively disposed plates is 
substantially more efficient in operation than an 
40 exhaustgas reactorconsisting of a monolithic block 
of appropriate size. Furthermore, an exhausi gas 
reactor comprising a plurality of plates is 
substantially easier to manufacture and it is also 
easier to provide it.with a catalytically active surface 
45 layer, than a large monolithic block. It is possibleto 
arrive at a made-to-measure construction, 
depending on the particular composition and 
temperature of the waste orexhaust gases which are 
to be subjectea to the post-combustion procedure, 
50 by virtue of the plates being of suitable composition, 
configuration and dimensions. In addition, the 
reactor can be rapidly adapted to the respective 
operating conditions involved, particularly in the 
event of changes therein, by virtue of the insertionor 
55 replacement of plates. All in all, because of thelarge 
internal surface area of the ceramic foam, the 
exhaust gas reactor can be small in volume, in 
"relation to the respective gas through-put thereof. A 
compact exhaustgas reactor of that nature is 
60 particularly important when, in connection with 
subsequentfitting to motor vehicles, a conventional 
silencer box or muffler is to be replaced by an 
exhaust gas reactor which must take account of the 
preoetermined dimensions and conoitions of 
65 installation of the respective silencer box or muffler. 



, *<Jw < .cc Dbi? A 

Besides the very large internal surface area of a 
ceramic foam, relative to its external volume a 
critical consideration in regard to the level of' 

7n 6 .u ,e u nCy ° f 30 exha - u 5l9as.reactor in accordance 
/0 with the present invention js also the high level of 
reaction probability^hjgh is provided by the 

micro-turbulent post-XI6w of the individual rods or 
fibres of the ceramic Iqam. 

In accordance with a further feature of the 
75 'nvent.on. the porosity of tne plates is between 10 
and 60 ppi (pores per »r|ch). and preferably between 
10 and 30 ppi. The.reference to pores per inch (ppi) 
denotes the number^oresper inch as a unit of 
len 9 Ih - ■ $$0Z S . .. 

80 _ A further embodiment of a reactor according to the 
invention advantageously provides that plates of a 
different configuration or nature may be used. The 
different configuration or nature may be that the 
porosity of the plates is different, for example a plate 
85 with coarse pores is followed by one or more plates 
with finer pores. However the different configuration 
• or nature may additionally or alternatively involve - 
different catalytically. active surface layers. 
Furthermore and possibly in addition thereto the 
90 plates may be of different shapes and sizes in order 
for example to produce a given flow characteristic in 
aerodynamic respects. 

A further feature of the invention may provide that 
one or more uncoated plates is or are arranged 
95 upstream and/or between and/or downstream of 
catalytically coated plates. In that connection the 
uncoated plates act in particular as a filter means. In 
that way. undesirable particles in the gas flowing 
intothe reactor are filtered out of the gas flow prior to 
100 passing intothe pan of the reactor in which reaction 
occurs, and reaction products are filtered out of the 
gasflowif further uncoated plates are arranged 
within the coated plates of the reactor or 
downstream thereof. Tne pore size of the uncoated 
105 filter plates is to be matched to the size of the 

panicles which are to be filtered out of the gas flow. If 
an uncoated plate with very fine pores is disposed at 
the downstream end of the reactor'assembly, it is 
possible to ensure that any particles of the ceramic 
110 carrier material which come loosedo not pass into 
the atmosphere, togetherwith constituents of the 
washcoat base layer.and the cataiyst material. 

In one embodiment of a reactor, the individual 
plates thereof may bear against each other in a ' 
1 1 5 sandwich-like construction. An advantageous 

feature of the invention provides however that the 
plates are arranged at a spacing from each other, in 
which respect the spacings oetween the ptaies may 
be the same or may vary. The spacings between the 
1 20 plates prevent the gases from forming preferential 
through-flow paths, whicn would have the result that 
parts of the plates would not' have gas flowing 
therethrough or would have less gas flowing 
therethrough, so that the level of efficiency would 
125 drop, in relation to unit of surface area. If the spacing 
between plates is correctly chosen, turbulent effects 
occur between the plates.-vvhich ensure that the gas 
flow is balanced and equalised out. The spacings 
between the plates are aisp.to be selected having 
1 30 regard to the flow speedsthrough the reactor, the 



dimensions of the o:s:es and the r-cpemes of the 
resoective cases jisv^vec. in tna; connection, 
however the spac"^? snouid be as smalt as 
possible, having recsrc to the reactor being of a 
5 cc.mpac! oesign 

if. in accordance vvjin 3 fi.rrr.p-acvePtaoBous 
feature c: m fi inve-i.on. the o:aies are individually 
interchanceaoie. men s reac-tor of rrat nature is 
simplecano less expensive from the point of view of 
10 maintenance than a reactor xvhicn uses a monolithic 
block. In mat case individual piaies can be replaced 
• for repair or exchanged for cihe- pietes. if the 
operation conditions alter. To re~.s«/e the dust which 
has been Droduco<5,jne«b.ii-e-:« S !r...oneo uncooted 
1d filter olates may be excnancrr: rr C"lv cleaned after 
thev have been removed. 

ApanicuJarly acvaniaoecus development which is 
also an aspect of incepencjeni significance provides ' 
that the catalyst materia-' 145 feci comprises at least one 
20 non-nqble metal oxide. 

The reaction temperature of such oxides is higher 
than that of noble metals wh Jen a re convention a My 
used;.for example piatir.um. and is between about 
4d0 and 750 C. As a resuii. tne level of effectiveness 
25 scarcely decreases, even under r.ien loading and at 
hicn temperatures, so :r.z: such a reactor is * 
particularly suitaoi- no; just tor internal combustion 
engines o: motor venicies but aisc :*or stationary 
engines. The non-nobi-? metal oxides are also 
30 resistant to lead poisoning Phenomena and to other 
noxious substances sum as cn'orine. fluorine and 
sulphur, as occur in me uncieaned cases of 
stationary engines. 

in a oreferred feature of the inversion, the 
35 catajyticaliy active surface -aver or* a non-noble metal 
oxice may be arranosc cn wnst is known as a 
wasncoai case layer of aluminium cxice in its 
vmoc-ificetion form. Sucr a washcoai base layer is 
known end provides fc 5 mora -arid end better 
40 reaction. In order :r. ir-crove ipr.o-te-m stability, 
aocitlves may be a do so :c :"-»e oasc :eyer. for 
examoie compouncs e?~ s -"-on the rare earth 
group. 

ir. order to provide e reducing reaction, e further 

45 emopdimen: of the Invention orovices for usinc a 
cateiys; material comprising a: : a 2 = : one oxide of the 
:'c:icwinc metals: i'cr i r e r O : or ?5 : Q.». cooalt (CoO • 
or Co 2 0 : . o: Co ? C^'. rncKe: t\' ; G or \' ; 0:-, titanium 
•'T:C : ;, vanadium :' v : C=-. en rc mi um C^ ; 0 5 '. 

50 mc.ybdenum i McO : . . . tungsten (WO^?. and 

manganese ( MnOcrWn : 0; cr Mr, 3 0.}. or at least a 
mixture c: at ieas: f.vc trerac*. 

• c orovioe an ox. : C;Sing reaction, the catalyst 
material o: tne react c ma v ccmbrise at least one 

55 cxtce of at ;east one c: tne folic wine metais: copper 
.CwO... chromium (Cr : C; ! . moiyodenum (Mo0 3 ). 
tungsten iv'.'Os), manganese iMnO or Mn : C : or 
Mn 2 Cj). vanadium •.V : G. : \ iron ;Fe : C 3 )or at least one 
mixture of et least two thereof. 

50 In a further advantageous embodiment of the 
invention. :he reactor may be o: a two-stage 
configuration, vyitn a recucing reaction taking place 
in trie.firs: stage and-en oxidising resciior. taking 
piece in the second stags. .For example, in the first 

G5 s:egc- o: an exhaust gas reactor for interna! 



combustion engines, nitrogen oxides iNO ) are 
reduced to harmless nitrogen at tn e catalyst material 
by means of the ca C t>on monoxide iCO) in the 
exnaust gas. Then, the second stage involves 
70 oxidation of the excess carbon monoxide to form 
carbon dioxide, with.oxygen possibly ai SO being 
added. ,n the formpf air. In other areas of use of such 
a reactor, it is also.possible to provide for the 
oxidation of other constituents, in particular organic 
75 components, for example hydrocarbons Such 
constituents occuxinter alia in the wasre or exhaust 
gases from paint spraying booths. The two stages of 
the reactor each haye at least one plate and may be 
arranged in separate housings or in a common 
80 housing. At least one uncoated filter plate is 

desirably arranged.upstream of the first stage so 
such a filter can aiso^etain soot particles which can 
then undergo postrCQmbustion if the initial filter 
reaches a temperature.above 600'C. The second 
85 stage may be followed by an uncoated fine-pore 

filter plate, constituting a very fine filter which retains 
in particular pieces of.ceramic carrier .material which 
have come away. . . 

In another aspect, the present invention also 
90 provides a processor the production of an exhaust 
gas reactor, wherein.ajnon-noble metai oxide is 
added 10 the slurry yWjjch, as referred to in the 
opening part of this specification, is used to produce 
the ceramic foam from open-pore plastics foam. 
95 After calcination of the foam which is coated with the 
ceramic material, the non-noble metal oxide is then a 
constituent of the ceramic material and is thus also 
present at the surface thereof. Such a mixing effect 
may be used in particular when the oxide is 
100 comparatively inexoensive. 

An alternative option in regard to me process for 
producing ihe exhaust gas reactor according to tne 
invention provides thai the foam which has oeer. 
coateo with ceramic material and ore-cried but not 
105 yet subjected to the calcination ooeretion may be 
coated, preferably by a dipping operation, with a 
particular susoension ; or slurry which contains the 
non-noble metal oxide and ootionaiiv further 
constituents which promote adhesion c: the oxide as 
1 10 well as the catalytic function. Besides for example 
titanium dioxide, the suspensior or slurry may 
additionally comain the materia! for me base layer 
(aluminium oxide). ; 

Another form of procedure for a ooi vine the 
1 1 5 catalyst material in the reactc azccrair.c :o the 
invention provides that the foam vvhicn has been 
coated with ceramic material and possibly the base 
layer and whicn may pr.may not nave oeen subjected 
to the calcination operation is impregnated with a 
1 20 solution of a metal salt of tne ncr-nocrie metal to be 
used, and then the metai is con vet ec in;c the metal 
oxide by a heat treatment such as calcination, and 
fixed on the ceramic foam. 

The reactor according to the invention is 
125 inexoensive to manufacture, enjevs a wice range of 
adaptability and has a high level o: efficiency, even at 
high temperatures, while being easy and simple to 
maintain and being capable of acaoting to altering 
operating conditions. • "• 
130 Embodiments of a reactor according to the 
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invention and tne process ?or the oroduction thereof 
will now oe describee ov wav of example with 
reference to tne accompanying, crawing in which: 
Figure 1 is a diagrammatic view in longitudinal 
5 section of a first embodiment of the reactor 
according to the invert''On^?.np 

Figure 2 \s a basic viewfjh ibngituninal section of a 
two-stage reactor as a second embodiment of the 
invention; ■ " '■ - 

10 Referring to the diagrammatic view in Figure 1. an 
exhaust or waste gas reactor according to the 
inventioncomprises three plates 1 of open-pore 
ceramic foam with a cataiyticaMy active surface'layer 
thereon, which are arranged in succession in the 
15. direction in which the gas flows through the reactor, 
as indicated by the arrows 10 and 1 1. 

Disposed upstream of tne first reactor plate 1 is a 
further plate 2 pf open-pore ceramic foam, which is 
not coated with catalyst material. The plate 2 serves 
20 as a filter plate for particles contained in the flowof 
exhaust gas. Furthermore.'.arrahged downstream of 
the las vreaeto r p'ate 1 s a very fine filter plate 3 of 
open-pp re ceramic roam without a catalyst coating 
thereon .yThe -p I a i e 2 ha s* v'e r y fin eporesandfihers 
25 out of theigas flow par'u'cies of the ceramic base 
material whicn have e'eme loose. The spacings • 
between the incivicuai oiates 1.2 and 3 provide fora 
turbulent effect therein. Tnese spacings are seiected 
tp be npn-unifprm in sucri a way that the reaction is 
30 as complete as possio:e. tne flow resistance is at a 
low level end the dimensions of the arrangement are 
not excessive. 

Figure 2 is a diagrammatic view of a two-stage 
reactor. The two stages ere arranged in separate 
25 casings or chambers £ and 5 which are in 

communication by wav of a oipe 6. The waste or 
exnaust gas to be treated fiows into the casing c in 
the direction indicates svihe arrow 10. Arranged 
first in tne casing £ <s 2 ft ensealed filter plate 2 which 
£C is followed ar a spacir.c by twe spaced-apart reactor 
plates l whicn are coarse v/>zr. catalyxically active 
maieriai. in tne oiates 1: tne nitrogen oxides (NOJ in 
the gas react with the ce-opn monoxide (CO) which is 
aiso present therein, w : ;n tne nitrogen oxides being 
.AS reduced to non-tcxic nitrogen. In the pipe 5. air is 
then addec to the exr.ajs: gas by means of a npzzle 7 
from a pipe c. for exarr o«e cv means of a pumpinthe 
form c- a bio'.ver. If :: is assumec that the denoxed 
ces in tne pipe 5 stii; r.as a cpmopnent of about Tie 
50 CO. men eooui 0 . 5 : : 0 : from the air must be added 
for complete comcus:;©". With an oxygen 
component for csc«: 20 5 i. that means the addition 
of about 2.5"= air. "As operation is usually conducted 
at higher than stolen icme try. about double the 
55 amount is acced in a practical situation, mat is to say 
about 5 = .o air. 

In tne casing 5. th = gas again first flows through a 
filter 2 and men two reactor plates 1 . at the surface of 
whicn the cc'bon moncxice undergoes combustion 
60 to form caroon c:ox:ce. A very fine filter plate 2 at the 
outlet of the casing 5 eliminates reaction panicles 
ano fine ousts 

One em bod i men -.of* re reactor according to the 
invention used chrpm:urr. trioxide as the metal 
65 oxioe. The ceramic •' o a m carrier material was 



impregnated with ammonium dichromate solution 
(between 3 and 25%) and then the substance was 
thermally decomposed to form chromium trioxide 
the carrier material. The ammonium 
70 dichromate may also be reduced with a reducing 
agent such as for example ethanoi or ascorbic acid, 
to form trivalent chromium trioxide. Fixing on the 
carrier material is then r eff-f ctpd by drying and 
calcining. The thermal expenditure involved in such 
75 a procedure is slight. ;' V> " ! 

Various forms of process may be employed for 
producing a reactor as described above; for 
example, when using a slurry of ceramic material to 
fill an open-pore plastics foam which is then 
80 vaporised at elev3tedje'mperature tp produce a 
porous ceramic foam] the catalyst materia! such as 
the non-noble metal oxide referred to above may be 
added to the slurry used to fill the plastics foam 
which is then removed in the manner stated. 
85 Alternatively, the foam niay be coated with ceramic 
material and then impregnated with a solution of a 
salt of a non-noble metalphe salt then being 
converted into the meialoxide and fixed on the 
ceramic foam. - ^p;- .•' 

90 It will be appreciated that the above-described 
embodiments of the reactor and process according 
to the invention have been set forth solely by way of 
example thereof and that various modifications and 
alterations may be made therein without thereby 
S5 departing from the scope of the invention as defined 
by the appended claims. 
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1 . An exhaust gas reactor including a refractory 



earner means or open-pore ceramic roam, 
comprising at least two plates which are disppsed in 
succession in the direction of gas flow through the 
reactor, and a cataiyticaMy active surface layer on tne 
105 carrier means. 

2. A reactor according to claim 1 wherein the 
porosity of tne plates is between 10 and 60 ppi. 

3. A reactor according to claim 2 wnerein the 
porosity of the plates is between 10 and 30 ppi. 

110 A. A reactor according toclaim 1 and comprising 
plates of a different configuration or nature. 

5. A reactor according to claim c wherein the 
porosity of the plates is of different sizes. 

6. A reactor according to claim 4 or claim 5 

1 1 5 wherein the plates have aj'fferent cataiyticaMy active 
surface layers. 

7. A reactor according to any one of claims 4, 5 
and 6 wherein the plates are of different shapes. 

8. A reactor according to any one of the 
120 preceding claims and comprising one or more 

uncoated plates disppsed upstream and.or between 
and or downstream of the cataiyticaMy coated plates. 

9. A reactor according to one of the preceding 
claims wherein the plates are arranged at a spacing 

125 from each other. 

10. A reactor according to claim 9 wherein the 
spacing between the plates varies. 

11. A reactor according to one of the preceding 
claims wherein said plates are individually 

130 interchangeable. 
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12 : .'? : A'reactor according to • s of the preceding 
claims wherein tne cat ay 1st material u sea incluoes at 
least one non-noble metal ox»de. 

13. A reactor according to one ol the preceding 
5 claims wherein said catajytically active surface layer 
is arranged orya baselayer.lwasncoao of aluminium 
oxi de?( AlsPal i h ih^-'mo cl i if i ca t i on iorm. 

14/> ; A reactor according lo claim 1 2 or 13 wherein, 
for a reducing reaction, ihe catalyst material 

10 comprises at least one oxide of at least one of the 
following metals; iron, cobalt, nickel, titanium, 
vanadium^ chromium, molybdenum, tungsten, and 
manganese or a mixture of at least two thereof. 
. 15 v .A reactor according to claim 12 or claim 13 

15 wherein,.fbran oxidising reaction, the catalyst 

maieVjal cpmprtses ajJeast one oxide of at least one 
of the following metals; copper, chromium, 
molybdenum; tungsten, manganese, vanadium, iron 
or a mixture of at least two thereof. 

20 16.; A reactor according to one of the preceding 
claims? which comprises at least first and second 
sta.ges7p ; f.such a nature that in operation a reducing 
r ea cd^^a ke^s^Ia^ceib: I h P first stage and an 
o x id} si q g r.g^ c\) orjuiijes. plate in the second stage. 

25 17.7 A reactor accordipg io claim 16 wherein said 
first arid second stages each comprise at least one 
plate.and they are arranged in a common housing. 

18. ' A reactor according to claim 16 or claim 17 
and. further including an uncoated filter plate 

30 arranged upstream of the first stage in the direction 
of flow therethrough. . 

19. A reactor according to one of claims 16 to 18 
and further comprising an uncoated fine-pore filter 
plate arrangea downstream of the second stage in 

35 the direction of flow therethrough. 

20.. i^-A. reactor according to one of claims 16 to 19 
wherein/air is injected into the flow cf gas through 
the reactor. beiween.said firs; and second stages. 
21i^An exhaust c2s reactor substantially as 
.40 herejopefore describe a with reference to Figure 1 of 
the.eccornpan.ying drawings. 

22." JyAn.exhaust gas.reaetor substantially as 
hereinbefore described-wi:h reference to Figure 2 o: 
tne accompanying-drawings. 

45 23.' : . "A process for the production of a reactor 
according to any one of claims 1 2 to 20 comprising 
introducing a slurry of ceramic material into an 
open-pore piastics foam and then removing the 
plastics foam, wnerein said non-nobie metal oxide is 

5C scaed to the slurry used to produce the ceramic 
ioem from the cpen-pore plastics foam. 

24. A process for producing a waste gas reactor 
according to any one of claims 12 to 22comprismc 
introducing a slurry of ceramic material into an 

55 open-pore piastics foam and then removing the 

plastics foam, wherein said non-noble metal oxice ;s 
added to e suspension, and the foam which is coatee 
with ceramic material and which has been pre-criec 
is coated with the suspension, preferably by a 

60 dipping process, and then it is subjected to 
calcination > 

-2'5v|l|^p> Q c e s s'. a cc q r.d i n g to claim 24 for 
producing are act or according to claim 1 3 or any 
claim appendant thereto wherein the material <Ai : Cr 

65 of the base layer is additionally mixed with the 
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suspension. 

26. A process for the production of a reactor 
according to any one of claims 12 to 22 comprising 
i ntrooucing a slurry of ceramic material inio an 

70 open-pore plastics foam and then removing the 

plastics foam, wherein^he foam which is coated with 
ceramic materia! ana optionally a base layer and 
whicn is in a calcined qruncalcined condition is 
imoregnated with a solution of a metal salt of a said 

75 non-noble metal and the metal salt is then convened 
into the metal oxide by chemical reaction and/or 
calcination, and fixed on the ceramic foam. 

27. A process for the production of a reactor, 
according to any one pf claims 23 to 26 and 

80 substantially as. he re in before described. 

28. 'An exhaust gas.reaetor substantially as 
herein described with'feference to the 
accompanying drawings. 
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